Introduction {#sec1}
============

T regulatory cells (Treg) play an important role in the maintenance of immune cell homeostasis. Specifically, Treg maintain regulation in the immune system through dominant negative regulation of other immune cells \[[@cit0001]\]. They are classified into natural and adaptive cells: The natural Treg are CD4+CD25+ T cells \[[@cit0002]\]. Interleukin 2 (IL-2) and transforming growth factor β (TGF-β) help naïve CD4+ T cells to differentiate into Foxp3+ Treg cells in the periphery \[[@cit0003], [@cit0004]\]. Although the temporary up-regulation of Foxp3 expression has been observed in human T cells upon its activation, still conflicting data have been reported concerning the suppressive ability of T cells with the transient expression of Foxp3 \[[@cit0005]--[@cit0007]\].

Though Foxp3 expression is primarily restricted to the CD4+CD25+ cell population, it can be expressed at a low level in CD4+CD25- cells \[[@cit0008], [@cit0009]\]. Bonelli and his colleagues found that the proportion of CD4+CD25-Foxp3+ T cells within CD4+ lymphocytes was nearly 8% \[[@cit0010]\].

Systemic lupus erythematosus (SLE) is a disease characterized by altered immunity with hyperactive T and B cells. Also, it is very apparent that Treg cells are defective in SLE \[[@cit0011]\] and Foxp3 numbers appeared to be decreased during the course of the disease \[[@cit0012]\]. These finding suggested that there is a link between the clinical activity of SLE and the number and function of Treg cells.

As a reduction in Treg numbers and Treg deficiencies have been reported in several studies conducted in mouse models and in SLE patients \[[@cit0013]--[@cit0015]\], they suffer from deficient Treg-mediated suppression \[[@cit0011], [@cit0012]\], and it may lead to undisturbed suppressive activity of the Treg cells \[[@cit0016]\]. Likewise, it has been reported that in SLE, there is either a reduction in the number of Treg cells \[[@cit0016]--[@cit0018]\], no change in number \[[@cit0011]\], or even a rise in number \[[@cit0019]\].

It has been reported that there is a novel subset of CD4+Foxp3+ that does not express CD25 \[[@cit0010]\] and suppresses the T-cell proliferation *in vitro*. It was observed that SLE patients have a high level of this CD4+CD25-Foxp3+ subset \[[@cit0020]--[@cit0024]\] as they produce a high level of IL-2 and other cytokines than CD25^high^ Foxp3+ subsets do. So, we aimed to evaluate the frequency of CD4+CD25- Foxp3+ cells in SLE in comparison to healthy control subjects and its association with clinical manifestations in SLE patients.

Material and methods {#sec2}
====================

The present study included 56 SLE female patients with a mean age 27.8 ±6.4 years who fulfilled the American College of Rheumatology (ACR) classification criteria for SLE \[[@cit0025]\]. They were recruited from the Rheumatology Department, Suez Canal University Hospital, Ismailia, Egypt. The control group comprised 30 healthy women with a mean age of 29.3 ±5.8 years. This study was approved by the ethical committee of Suez Canal University. Informed consent was obtained from all participating subjects. Both patient and control groups were from the Suez Canal area.

Clinical manifestations were defined as either present or absent based on the definitions of the SLE classification's criteria at the time of blood sample collection from the patients. The following items were considered to be indicative for organ involvement: active joint defined as arthritis with swelling; active skin lesions defined as lupus rash, photosensitivity or discoid lupus; active hematologic involvement defined as leucopenia, lymphopenia, thrombocytopenia or hemolytic anemia; active renal involvement defined as urinary casts and/or proteinuria \> 0.5 gm protein/24 h, and active central nervous system (CNS) defined as lupus headache, psychosis or seizures.

Disease activity was assessed using the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI). Clinical manifestations of SLE in the patient group included CNS manifestations (seizure, psychosis, visual disturbances, cranial nerve disorder, and lupus headache), vascular manifestations (vasculitis, Raynaud's phenomenon, and thromboembolism) and musculoskeletal manifestations (myositis and arthritis). The renal manifestations encompassed urinary casts, hematuria, proteinuria and pyuria. Rash, alopecia and mucosal ulcers were used to assess dermal clinical findings. Hematologic findings encompassed thrombocytopenia and leucopenia \[[@cit0026]\], while constitutional fever is defined as fever (\> 38°C). A SLEDAI score 1--5 was defined as mild disease activity, SLEDAI score 6--10 as moderate disease activity and a SLEDAI score of \> 10 as severe disease activity.

Laboratory work included autoantibodies (antinuclear antibodies (ANA), double stranded deoxyribonucleic acid (dsDNA), anti Ro and anti La). An indirect immunofluorescent assay, for semi-quantitative determination of anti-nuclear IgG antibodies (ANA) in patients' serum, NOVA LITE IFA HEp-2 ANA Complete Kit, was used. Double stranded DNA was detected by the indirect immunofluorescent assay for semi-quantitative determination of (dsDNA) in patient's serum (NOVA Diagnostics, Inc. San Diego, CA 92131 U.S.A.).

Antibodies to Ro/SSA and La/SSB were detected by solid-phase immunoassays. Human Anti-SS-A (60/52 kDa) IgG ELISA is an indirect solid phase enzyme-linked immunosorbent assay (ELISA). It is designed for the quantitative measurement of IgG class autoantibodies directed against extractable nuclear antigens (Alpha Diagnostic Intl Inc., 6203 Woodlake Center Dr, San Antonio, USA).

Treg subset study by flow cytometry {#sec2.1}
-----------------------------------

Whole blood was collected in EDTA vacutainers tubes. Treg subsets regarding their CD25 and Foxp3 expression were identified by using monoclonal antibodies for the following markers: anti-CD4 antibodies labeled by FITC fluorochrome, anti-FOXP3 labeled by PE fluorochrome and anti-CD25 labeled by APC fluorochrome. Surface staining was done first, for both CD4 and CD25 following the manufacturer's instructions. Intracellular staining for FOXP3 using the FOXP3 BD kit followed the surface staining. Appropriate isotype controls were used. After staining data acquisition by FACS Calibur using Cell Quest software (BD Bio-sciences, San José, CA USA) and analysis by FlowJo software v.7.1.2 (Tree star) was performed. Lymphocytes were gated according to their light scatter properties and CD45 expression. CD4+ cells were gated. Treg subtypes were as follows: CD4+CD25+Foxp3-, CD4+CD25+FOXP3+ and CD4+CD25-FOXP3+.

Statistical analysis {#sec2.2}
--------------------

Values are shown as number and percentage as well as mean and standard deviation (SD), unless otherwise specified. Lymphocyte subpopulations' proportions were compared using the Student *t*-test and the multiple comparison test one-way ANOVA. A *p-*value equal to or less than 0.05 was considered significant in all statistical tests. Statistical analyses and data plotting were performed using Microsoft Excel by Microsoft Inc. and SPSS (SPSS 22.0 by SPSS software Inc.).

Results {#sec3}
=======

To determine whether CD4+CD25-Foxp3+ T cells' appearance is related to disease activity, patients were divided into 3 groups according to their disease activity scores. Demographic and clinical characteristics of SLE patients are presented in [Tables I](#t0001){ref-type="table"} and [II](#t0002){ref-type="table"}. Peripheral blood from the control group and patients with SLE was analyzed by fluorescence-activated cell sorting (FAC) for proportions of Treg subsets CD4+CD25+Foxp3+, CD4+CD25-Foxp3+, and CD4+CD25+Foxp3-- in patients with SLE and control subjects ([Figure 1](#f0001){ref-type="fig"} and [Table III](#t0003){ref-type="table"}). CD4+CD25-Foxp3+ T cells were significantly increased in patients with SLE (15.57 ±4.32%) as compared with the control group (2.46 ±0.65%).

###### 

Demographic and clinical characteristics of systemic lupus erythematosus patients

  Characteristic                          Value
  --------------------------------------- ------------
  Gender, female, *n* (%)                 56 (100)
  Disease duration, mean ± SD \[years\]   4.4 ±3.8
  ANA, positive, *n* (%)                  56 (100)
  Anti-ds DNA Ab, positive, *n* (%)       29 (51.7)
  Anti-Ro, positive, *n* (%)              13 (23.2)
  Anti-La, positive, *n* (%)              10 (17.9)
  SLEDAI, mean ± SD                       12.5 ±9.28
  Organ involvement/active, *n* (%):      
   Arthritis                              31 (55.4)
   Urinary casts                          12 (21.4)
   Psychosis                              2 (3.6)
   Lupus headache                         6 (10.7)
   Skin involvement                       27 (48.2)
   Proteinuria                            16 (28.6)
   Leucopenia                             18 (32.1)
   Thrombocytopenia                       12 (21.4)
   Hemolytic anemia                       0

###### 

SLEDAI score among SLE patients

  Disease Activity Score   *N* (%)
  ------------------------ -----------
  Mild                     16 (28.6)
  Moderate                 28 (50)
  Severe                   12 (21.4)

###### 

CD4 subtypes among case and control groups

  CD4 subtype%      SLE patients    Control        *P*-value
  ----------------- --------------- -------------- -----------
  CD4+              29.61 ±5.852    32.53 ±5.511   0.120
  CD4+CD25+Foxp3+   3.100 ±1.4181   35.24 ±4.794   \< 0.001
  CD4+CD25-Foxp3+   15.57 ±4.32     2.46 ±0.65     \< 0.001
  CD4+CD25+Foxp3-   13.25 ±6.780    19.21 ±4.104   \< 0.001

![Acquisition of RBCs lysed PB and gating of lymphocytes on side-scattered light (SSC) versus forward-scattered light (FSC). Gated events were plotted against CD45 versus CD4. CD4+CD45+ events were gated, and plotted against CD25 versus Foxp3](AMS-14-28678-g001){#f0001}

Comparing proportions of lymphocyte subpopulations using the ANOVA test showed a significant correlation between CD4+CD25-Foxp3+ T cells and disease activity (*p* = 0.018) in comparison to other Treg subsets.

When compared with the control group, significantly higher proportions of CD4+CD25-Foxp3+ T cells were observed in cells from mild SLE patients (6.1 ±0.7%), moderate active SLE patients (10.5 ±1.4%) and more pronounced from severely active SLE patients (14.9 ±2.3%). In agreement with this finding, a significant correlation was observed for the percentage of CD4+CD25-Foxp3+ T cells with clinical disease activity scores and disease duration (*r* = 0.6, *p* \< 0.001; *r* = 0.3, *p* = 0.02 respectively) ([Figure 2 A](#f0002){ref-type="fig"}). No significant correlation was found between CD4+CD25-Foxp3+ T cells and age.

![CD4+CD25-Foxp3+ T cells correlate with SLE disease activity and organ involvement. A significant correlation was observed for the percentage of CD4+CD25-Foxp3+ T-cells and the SLE Disease Activity Index (SLEDAI) (**A**), proteinuria (**B**), levels of dsDNA antibodies (**C**), platelets (**D**) and leucocyte count (**E**)](AMS-14-28678-g002){#f0002}

Association of CD4+CD25-Foxp3+ with clinical manifestations and production of antibodies in patients with SLE is shown in [Table IV](#t0004){ref-type="table"} and [Figures 2 B--E](#f0002){ref-type="fig"}. A significant correlation was observed for the percentage of CD4+CD25-Foxp3+ T cells with urinary casts and proteinuria. In addition, we observed a significant correlation with anti-dsDNA antibody levels and a significant negative correlation between the levels of platelets and white blood cells and proportions of CD4+CD25-Foxp3+ T cells. Other organ involvement showed no differences in proportions of CD4+CD25-Foxp3+ T cells.

###### 

The association of CD4+CD25-Foxp3+ with clinical manifestations and production of antibodies in patients with SLE

  Characteristic      *P*-value
  ------------------- ----------------------------------------
  Arthritis           0.978
  Urinary casts       0.001[\*](#tf1-1){ref-type="table-fn"}
  Psychosis           0.657
  Lupus headache      0.254
  Skin involvement    0.421
  Laboratory:         
   Proteinuria        0.000[\*](#tf1-1){ref-type="table-fn"}
   Thrombocytopenia   0.028[\*](#tf1-1){ref-type="table-fn"}
   Leukopenia         0.016[\*](#tf1-1){ref-type="table-fn"}
   Anti-dsDNA         0.019[\*](#tf1-1){ref-type="table-fn"}
   Anti-Ro            0.87
   Anti-La            0.43

Statistically significant (p ≤ 0.005).

Regarding the proportion of CD4+CD25-Foxp3+ in SLE patients with organ involvement, we observed a significant increase in proportions of CD4+CD25+Foxp3+ T cells in patients with renal involvement presented by proteinuria (9.7 ±2.1%) or urinary cast (6.9 ±1.6%) as compared to patients with no renal involvement (2.9 ±1.2%). Moreover, we observed increased proportions of CD4+CD25+Foxp3+ T cells in patients with hematologic involvement (either thrombocytopenia or leucopenia) (8.9 ±1.9%) as compared to patients with no hematologic involvement (3.6 ±0.7%).

Discussion {#sec4}
==========

Tregs are essential controllers of immune tolerance. Substantial trials have been performed to outline the involvement of Tregs in the development of SLE \[[@cit0027]\]. They have suggested that quantitative and/or qualitative deficiencies of Treg are an important contributor to SLE development \[[@cit0028], [@cit0029]\].

Several researchers have investigated Foxp3-expressing CD4+ T cells in patients with SLE, revealing higher levels of CD4+CD25-Foxp3+ and lower levels of CD4+CD25+Foxp3+ T cells in SLE patients compared to normal controls \[[@cit0030]--[@cit0032]\].

According to these results, SLE patients may have faulty homeostatic control of different subsets of Foxp3+ cells. Our results revealed a significant decrease of the proportion of CD4+CD25+ Foxp3 in SLE compared to normal controls. These results were in accordance with other researchers who proved that SLE has a significantly decreased percentage and number of CD4+CD25^high^Foxp3+ Tregs (corresponding to activated Tregs). They explained this depletion by the hypersensitivity of CD4+CD25+Foxp3+ Tregs to Fas-induced apoptosis. However, they failed to clarify the exact mechanisms responsible for this aggravated vulnerability to apoptosis \[[@cit0030], [@cit0032]\].

Thereafter, Long and Buckner \[[@cit0027]\] discussed this decrease as a global reduction in Treg, not preferential accumulation of Treg in lymph nodes, and this decrease in Treg number tends to be unique to SLE.

Moreover, researchers described the CD4+CD25- T-cell subset to be relatively exceptional to SLE. Bonelli *et al*. \[[@cit0010]\] compared the CD4+CD25-Foxp3+ cells in different rheumatic diseases and found that it is only increased in SLE patients. Other researchers found that the levels of CD4+CD25-Foxp3+ correlated highly with the clinical disease activity but were not related to the patient's age, which was in contrast to murine studies where healthy animals showed an age-dependent increase of CD4+CD25-Foxp3+Treg \[[@cit0033]--[@cit0035]\].

However, up till now the origin and function of this subset have mostly been an issue of discussion due to many causes. At first, activation may transiently induce their Foxp3 protein which may display non-Treg activity. Additionally, differentiation of naive CD4+ T cells into CD25+Foxp3+ and CD25-Foxp3+ Tregs, or so-called adaptive Tregs, can be induced by systemic inflammation. Lastly, the increased frequency of CD25-Foxp3+ T cells in patients may be a compensation for the decreased CD25highFoxp3+ Tregs in active SLE, which may not be enough to control the autoimmune response \[[@cit0036]\].

Nevertheless, several studies have suggested that dendritic cells (DCs) may be accountable for this dysregulation \[[@cit0037], [@cit0038]\]. Interferon (IFN)-α-producing antigen-presenting cells as DCs may block Treg cell-mediated suppression function in SLE patients. Moreover, it was observed that the increased production by DCs of IL-6 in lupus-prone mice can facilitate the reduced Treg function \[[@cit0038]\].

Lately, Bonelli *et al.* showed that CD4+CD25-Foxp3+ cells phenotypically resemble CD4+CD25+Foxp3+ Tregs rather than activated T cells. Furthermore, *in vitro* functional analysis revealed that they are able to suppress T-cell proliferation but not IFN-α production \[[@cit0010], [@cit0039]\]. Also, Yang *et al.*, who worked on untreated new onset SLE, reported the increased percentage of this subset and suggested that these cells are Treg. They also reported that there is a correlation between these cells and the titer of the dsDNA antibodies and that after treatment these cells decrease.

Our work agrees with the work of Yang *et al.* \[[@cit0022]\] and Bonelli *et al.* \[[@cit0010]\], as we analyzed the level of CD4+CD25-Foxp3+ T cells in SLE patients, and it was increased in SLE patients compared to the control group. Several studies have reported an increased proportion of Treg cells in SLE patients in relation to disease activity \[[@cit0040]--[@cit0042]\]. However, other studies showed an inverse correlation between the levels of CD4+CD25-Foxp3+ T cells and clinical disease activity \[[@cit0017], [@cit0043], [@cit0044]\]. This difference between our results and those reported by other investigators might be explained by the difference in the criteria used for diseases activity categorization of the patients, differences in the tissue of origin of the sample analyzed, and differences in gating strategy. Moreover, we found that there was a significant correlation with CD4+CD25-Foxp3+ T cells and the anti-dsDNA antibody levels in patients' sera. The results of Bonelli *et al.* \[[@cit0039]\] were in accordance with our data, as they reported a significant correlation between CD4+CD25-Foxp3+ T cells and levels of anti-dsDNA antibodies, as well as Zhang *et al.* \[[@cit0020]\], who reported a direct correlation between the frequency of CD4+CD25-Foxp3+ T cells and the concentration of antibodies against dsDNA. Suen *et al.* \[[@cit0024]\] described the increased proportions of CD25-- Treg in patients with active SLE and with low complement levels. On the other hand, Lin *et al.* \[[@cit0042]\] did not find any correlation between CD4+CD25-Foxp3+ T cells and concentrations of anti-dsDNA antibodies in SLE patients. This disagreement may be due to the patients' criteria and treatment regime they are following.

Regarding organ involvement, most patients display multi-organ involvement as well as exacerbation and remission, with clinical manifestations as organ involvement can occur alone or in combination.

It was very clear from our work that the most affected systems are the hematological system and the renal system, which were very prominently affected, with the occurrence of proteinuria and renal casts with increased frequency of the CD4+CD25-Foxp3+ subset by 9.7 ±2.1% and 6.9 ±1.6%, respectively. There are few studies about the relation between organ involvement and different T-cell subsets. Bonelli *et al.* found that patients suffering from renal involvement, especially active nephritis, displayed increased proportions of CD4+CD25-Foxp3+ T cells \[[@cit0039]\]. They also showed a positive correlation between the extent of proteinuria and CD4+CD25-Foxp3, indicating the disease activity in active nephritis. This relation suggested the possibility of using the CD4+CD25-Foxp3+ subset as a biomarker to diagnose and monitor SLE patients with active renal involvement.

In addition, for those who suffer from active hematological manifestations including thrombocytopenia and leucopenia, it was determined in our study that the frequency of CD4+CD25-Foxp3+ T cells was high in those patients. Bonelli *et al.* \[[@cit0039]\] also observed an increased level of these cells in SLE patients with active blood involvement, and this might be explained by the overlap of organ manifestation, as most SLE patients suffer from hematologic manifestations as well as renal involvement. So when they compared the level of CD4+CD25-Foxp3+ T cells in renal involvement only and that in combination with hematological manifestations, it was apparent that the frequency of these cells has a significant difference only in those with renal involvement.

It is obvious now that CD4+CD25-Foxp3+ T cell frequency correlates with disease activity, the level of dsDNA antibodies and complement levels and that the discrepancies between studies which confirmed these results and those that did not were due to the patients selected being active or inactive SLE patients and on different treatment regimens.

In conclusion, the results of our study confirmed that CD4+CD25-Foxp3+ T cells are increased in SLE patients with high disease activity and suggest that CD4+CD25-Foxp3+ T cells could be a suitable marker for monitoring SLE patients with lupus nephritis.
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